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(54) Method and system for first-order RF amplitude and bias control of a modulator 



(57) A method and system are disclosed for robustly 
(using first order effects) controlling the bias point and 
radio frequency (RF) amplitude level of a modulator for 
an optical transmitter. The method comprises the steps 
of extracting an output dither signal component of a dig- 
ital optical output signal from the optical transmitter to 
drive a feedback loop; measuring the output dither sig- 
nal component in the feedback loop for comparison to 
an input dither signal to the modulator; comparing the 
output dither signal to the input dither signal to deter- 
mine their difference; and, based on the difference be- 
tween them, maintaining the bias point and the RF am- 



plitude level at an optimum value by varying an input 
voltage to the modulator via the feedback loop. On e em- 
bodiment of the system of this invention comprises a la- 
ser for providing an input light, a modulator to modulate 
the input light and generate a digital optical output sig- 
nal, a radio frequency (RF) feedback loop to control an 
RF input voltage to the modulator, a bias feedback loop 
to control a bias input voltage to the modulator, an RF 
amplitude dither circuit to provide an RF input dither sig- 
nal to the RF voltage input, and a bias dither circuit to 
provide a bias input dither signal to the bias voltage in- 
put. The modulator can be a Mach-Zehnder modulator. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to digital light- 
wave communications systems and, in particular, to 
methods and systems for modulating the output of a dig- 
ital lightwave communications system. Even more par- 
ticularly, the present invention relates to a method and 
system for first-order radio frequency ("RF") amplitude 
and bias control of a modulator. 

BACKGROUND OF THE INVENTION 

[0002] One of the most important competitive charac- 
teristics of a lightwave transmission system is how large 
a distance can be spanned between a receiver and 
transmitter while maintaining the integrity of the trans- 
mitted data. Such systems can be limited by the output 
power of the transmitter or by the receiver performance 
characteristics, specifically receiver sensitivity. The 
method of modulating the digital output from a transmit- 
ter can also greatly influence the distance separating the 
transmitter from the receiver. Modulating a digital light- 
wave output generates the digital "1 " 's and digital "0 ,M s 
that are transmitted, and hence determines the content 
and integrity of the digital signal. From an economic 
viewpoint, the distance that can be spanned between a 
transmitter and receiver, while maintaining data integri- 
ty, determines the expenditures that must be made to 
physically lay fiber in the ground or to install repeaters 
and other supporting equipment. 
[0003] One way to control the output of a digital light- 
wave communications system is to directly modulate the 
laser light source. For example, the laser could be 
turned on and off at intervals, thus generating digital 1's 
(on) and digital 0's (off). This can be accomplished by 
turning the current to the laser on and off. While this 
method may work in lower speed digital communica- 
tions systems, in high-speed digital lightwave commu- 
nications it is not practical to directly modulate the output 
of the laser because, as the current to the laser is 
changed, the wavelengths of the laser outputs are also 
slightly changed. 

[0004] Direct laser modulation could thus cause sig- 
nificant dispersion in each of the different wavelengths 
traveling along a fiber optic cable, resulting in noise and 
data corruption at the receiver end of a high-speed dig- 
ital lightwave system. This is because, particularly in a 
directly modulated laser system, multiple wavelengths 
are introduced by the modulation process. Each of these 
wavelengths has a slightly different propagation time, 
resulting in overlap at the receiver and therefore in pos- 
sible data corruption and/or loss. In WDM (wavelength 
division multiplexing) systems, a significant amount of 
noise also results from carrying multiple wavelengths on 
a single fiber. This can result in loss of receiver sensi- 
tivity, because it is more difficult for the receiver to dis- 



tinguish between the digital 1's and 0's, and hence to 
interpret the data carried by the signal. 
[0005] High speed digital lightwave communications 
systems instead use modulators to modulate the laser 
5 output. Modulators do not affect the wavelengths carry- 
ing the data signal as much as direct modulation. How- 
ever, these modulators require an RF amplitude input 
and bias point that must be set ano! maintained at or near 
an optimum value for each modulator. Otherwise, the 
10 resulting wavelength shift in the transmitted data, along 
with the inherent noise and dispersion occurring in WDM 
transmission systems, can result in the signals received 
at the receiver being noisy and difficult to differentiate. 
[0006] Every modulator, such as a Mach-Zehnder 
is modulator, can have a slightly different optimum RF am- 
plitude input voltage (a peak-to-peak voltage VJ and a 
slightly different optimum bias point (voltage). Together 
this optimum bias point and optimum RF amplitude V rt 
provide the best extinction ratio (the ratio between full 
20 iight output to no light output) for the modulator. As the 
RF amplitude level drifts away from optimum (V^), the 
received signal becomes noisier, resulting in increased 
difficulty for the receiver in differentiating the 1's and 0's 
that comprise the signal. Similar signal degradation also 
25 occurs with changes in the bias point away from its op- 
timum value. 

[0007] Current high-speed digital lightwave transmis- 
sion systems manually set the RF amplitude as close 
as possible to the optimum value M K and have no mech- 
30 anism for automatically maintaining the RF amplitude at 
or near its optimum point. This "set-it-and-forget-it" 
methodology cannot compensate for changes in the RF 
amplitude that might occur over time. For example, as 
temperature changes, the V rc of the modulator will likely 
35 also change, as will the gain of the RF amplifier. An RF 
amplifier gain that is set and forgotten can thus change 
overtime due to shock, vibration and/or changes in tem- 
perature, resulting in a received signal that is fuzzy and 
difficult to differentiate by the receiver. Also, the possi- 
40 bility exists that the RF amplitude may initially be set too 
high or too low due to operator error. As a result, the RF 
amplitude of the circuit cannot track changes within the 
modulator, or in the RF train, over temperature and time. 
[0008] Another problem with current high-speed dig- 
45 ital lightwave transmission systems is thatthe bias value 
is controlled by dithering the bias signal itself. Dithering 
of the bias signal to control bias value leads to what are 
called second-order effects in the dither. This means 
that, for example, if the bias is dithered at 500 Hz, then 
50 the output that must be looked for to control the bias 
value occurs at 1,000 Hz (i.e., the second harmonic of 
the dither signal). These second-order effects are much 
lower in amplitude than first-order (direct relationship) 
effects. Second-order effects can be analogized to the 
55 second derivative of a signal, which most closely ap- 
proaches a flat line. The result of using second-order 
effects to control the bias is that prior art circuits must 
use a much greater amount of dither. It also means that 



2 



07/19/2004, EAST Version: 1.4.1 



3 



EP1 182 807 A2 



4 



the bias control circuitry must be much more sensitive 
and complex to identify the output control signal. A sec- 
ond-order circuit also generates more noise and tends 
to wander (is more imprecise than a first-order circuit). 
[0009] Prior art second-order circuits are also not very 
robust, in that they are not high-gain circuits that can 
differentiate well between signal and noise, resulting in 
a circuit that is very susceptible to noise. These second- 
order circuits thus have a poor signal-to-noise ratio and 
have difficulty in differentiating and extracting the loop 
feedback signal from the noise. 

SUMMARY OF THE INVENTION 

[001 0] Therefore, a need exists for a method and sys- 
tem for controlling the RF amplitude and bias value of a 
modulator using first-order linear effects. 
[001 1] A further need exists for a method and system 
for first-order RF amplitude and bias control of a modu- 
lator that uses a feedback loop to control RF amplitude, 
so that RF amplitude can track changes in the modulator 
and in the RF train, over temperature and time. 
[0012] Still further, a need exists for first-order RF am- 
plitude and bias control of a modulator having a high 
signal-to-noise ratio and comprising a robust circuit high 
bandwidth feedback loops. 

[0013] The present invention provides a method and 
system for first-order RF amplitude and bias control of 
a modulator that substantially eliminates or reduces dis- 
advantages and problems associated with previously 
developed methods and systems for RF amplitude and 
bias control of a modulator within a digital lightwave 
communications system. 

[0014] In particular, the present invention provides a 
method and system for robustly (using first order effects) 
controlling the bias point and radio frequency (RF) am- 
plitude level of a modulator for an optical transmitter. 
The method comprises the steps of extracting an output 
dither signal component of a digital optical output signal 
from the optical transmitter to drive a feedback loop; 
measuring the output dither signal component in the 
feedback loop for comparison to an input dither signal 
to the modulator; comparing the output dither signal to 
the input dither signal to determine their difference; and, 
based on the difference between them, maintaining the 
bias point and the RF amplitude level at an optimum val- 
ue by varying an input voltage to the modulator via the 
feedback loop. 

[0015] One embodiment of the system of this inven- 
tion comprises a laser for providing an input light, a mod- 
ulator to modulate the input light and generate a digital 
optical output signal, a radio frequency (RF) feedback 
loop to control an RF input voltage to the modulator, a 
bias feedback loop to control a bias input voltage to the 
modulator, an RF amplitude dither circuit to provide an 
RF input dither signal to the RF voltage input, and a bias 
dither circuit to provide a bias input dither signal to the 
bias voltage input. The modulator can be a Mach-Zeh- 



nder modulator. 

[001 6] The method and system for first order RF am- 
plitude and bias control of a modulator of the present 
invention provides an important technical advantage in 
that it uses first-order linear effects to control the RF am- 
plitude to and the bias value of a modulator. 
[0017] A still further technical advantage of the 
present invention is that it provides a method and sys- 
tem for first-order RF amplitude and bias control of a 
modulator that uses a feedback loop to control the RF 
amplitude, so that the RF amplitude can track changes 
in the modulator and in the RF train over temperature 
and time. 

[0018] An even further technical advantage of the 
present invention is that it provides a robust circuit for 
first-order RF amplitude and bias control of a Mach-Zeh- 
ndermodulatorwith a high signal-to-noise ratio and high 
bandwidth feedback loops. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 



[0019] A more complete understanding of the present 
invention and the advantages thereof may be acquired 
by referring to the following description, taken in con- 
junction with the accompanying drawings in which like 
reference numbers indicate like features and wherein: 
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FIGURE 1 



FIGURE 2 



FIGURE 3 



FIGURE 4 



FIGURES 5A, 5B and 5C 



55 FIGURE 6 



shows a typical transfer 
function for a modulator, 
such as a Mach-Zehnder 
modulator, of this inven- 
tion; 

is a horizontal view of dig- 
ital data signal 40 of FIG- 
URE 1; 

is a typical eye diagram of 
the data signals received 
at an optical receiver; 

is a more detailed graph of 
a modulator transfer func- 
tion illustrating how dither- 
ing of the bias signal can 
be used to control RF am- 
plitude; 

compare bias dither and 
photodiode output signals 
for the cases of RF ampli- 
tude less than, greater 
than, and equal to v^; 

is a more detailed graph of 
a modulator transfer func- 
tion illustrating how dither- 
ing of the RF amplitude 
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can be used to control the 
modulator bias signal; 

FIGURES 7A, 7B and 7C compare RF amplitude 
dither and photodiode out- 
put signals for the cases of 
bias value less than, 
greater than, and equal to 
quadrature; 

FIGURE 8 Is a block diagram of one 

embodiment of the sys- 
tem of this invention; 

FIGURE 9 is a graphical representa- 

tion of the gain character- 
istics of synchronous de- 
tector 836 of FIGURE 8; 
and 

FIGURE 10 is a block diagram of an- 

other embodiment of the 
system of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Preferred embodiments of the present inven- 
tion are illustrated in the FIGURES, like numerals being 
used to refer to like and corresponding parts of the var- 
ious drawings. 

[0021] The present invention provides a method and 
system for first-order RF amplitude and bias control of 
a modulator, such as a Mach-Zehnder modulator 
("MZM"), that can more accurately control the integrity 
of an optical signal transmitted by a digital lightwave 
communications system. The present invention pro- 
vides an advantage over the prior art in that feedback 
loops are used for both the RF amplitude and the bias 
signal to generate first-order effects, to more accurately 
maintain the RF amplitude and bias value at or near an 
optimum value. Both- the RF amplitude and the bias 
feedback loops can automatically adjust to correct bias 
and RF amplitude values overtime and physical chang- 
es. For example, the RF loop can adjust the RF ampli- 
tude by changing the gain of an RF amplifier as needed. 
[0022] The present invention can be used to control 
the bias signal to a modulator by dithering the RF am- 
plitude and to control the RF amplitude by dithering the 
signal bias. This involves changing either the gain on 
the RF amplifier or the bias signal in a regular way, for 
example, by having a 500 Hz square wave fed to the 
modulator as the bias dither or RF amplitude dither. By 
using RF amplitude dithering to control the bias, and bi- 
as dithering to control the RF amplitude, the control sig- 
nal output from the circuit implementing the method and 
system of this invention will also be at 500 Hz (or at what- 
ever frequency the dither signal is provided). Having the 
output control signal at the same frequency as the dither 



signal results in a first-order linear effect providing a 
more robust and sensitive means of control for the mod- 
ulator. Both the bias and the RF amplitude in a system 
implementing the method and system of the present in- 
5 vention are controlled by first-order effects (the feed- 
back loops use the first-order effects to generate a con- 
trol signal). 

[0023] Every modulator, such as an MZM, has a dis- 
tinctive transfer function. A transfer function is a curve 

10 representing the points at which a modulator will transi- 
tion from no output to maximum output. FIGURE 1 
shows a typical modulator transfer function 10 such as 
may be associated with an MZM used in the present in- 
vention. Transfer function 10 has a normalized light out- 
's put of from zero to one, as shown on Y axis 11 , corre- 
sponding to the digital optical signal output from the 
modulator. The X axis 1 5, labeled in volts, illustrates the 
V TC of the modulator. Point 20 of FIGURE 1 indicates the 
optimum bias point, called quadrature. Quadrature point 

20 20 is the point midway between peaks 25 and 30 of the 
transfer function along both the X and Y axis. FIGURE 
1 also shows a superimposed data signal 40 and its re- 
lation to the transfer function 10. Along its own X axis 
(corresponding to Y-axis 11), data signal 40 oscillates 

25 between normalized values zero and one. The distance 
along the X-axis between peaks 25 and 30 of transfer 
function 1 0 is referred to as V^. 
[0024] The preferred (optimum) value for the RF am- 
plitude input voltage and bias input voltage signal are 

30 such that the bias input voltage is at quadrature and the 
RF amplitude input voltage is equal to V^. The RF am- 
plitude input voltage is the amplitude of the RF data sig- 
nal that will be converted to an optical data signal by the 
modulator. The RF data signals are applied to the mod- 

35 ulator to modulate the light from a laser such that when 
the RF amplitude signal goes high, the modulator would 
pass a full light signal, and when the RF amplitude signal 
goes low, the modulator would pass a zero light signal, 
as is shown in FIGURE 1. The RF amplitude can be 

40 thought of as being superimposed on the transfer func- 
tion 10. 

[0025] Note, however, that each modulator can have 
its own unique V rc and a different quadrature bias point. 
V n can range, for example, from approximately +3 to ap- 
45 proximately +5 volts peak-to-peak. Typically, the RF am- 
plitude will not vary by much over time, although it can 
vary over temperature. However, the bias point can and 
may vary greatly with time. 

[0026] In this discussion of the present invention, nor- 
50 malized values are used to describe the modulator out- 
put (from zero to one), and not the actual output values, 
because the modulator itself does not supply any light. 
Rather, a laser output is provided as an input to the mod- 
ulator, as discussed later as part of FIGURES 8 and 10. 
55 The laser is operated at a constant current, which pro- 
vides a constant output power (signal). The constant 
output signal is input to the modulator. The modulator 
output thus depends on the output power of the laser. 
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By using normalized values in our discussion, the dis- 
cussion applies equally to any input power laser. A "0" 
value thus corresponds to no light output and a value of 
"1" corresponds to 100% of the light output. 
[0027] The optimal point for the bias input voltage sig- 
nal value is thus at a mid-point along transfer function 
1 0. At this bias value, when the modulator switches from 
high to low, the maximum differential in output will occur. 
If, for example, the bias value were instead at a peak of 
the transfer function (points 25 or 30 of FIGURE 1 ), then 
when switching from high to low (or vice-versa), no dif- 
ference in output would occur. The bias value should be 
selected to provide the best extinction ratio (the ratio be- 
tween full light and no light). For the maximum extinction 
ratio, the bias is set at quadrature with an RF amplitude 
level equal to V rc . The goal is thus to be biased at one- 
half power. 

[0028] As shown in FIGURE 1 , when an RF data sig- 
nal is input into a modulator and acts upon the input laser 
light in accordance with the analog transfer function, dig- 
ital data signal 40 is output as a series of highs and lows 
corresponding to the analog transfer function's swings 
around the bias point, which is preferably at quadrature 
20. Digital data signal 40 of FIGURE 1 is the digital data 
signal 40 of FIGURE 2 turned sideways and superim- 
posed on the transfer function for illustration purposes. 
Data curve 40 of FIGURES 1 and 2 can represent either 
2.5-gigabyte or 10-gigabyte per second data (or other 
bandwidth data) output from modulator as a lightwave 
output. An RF data signal with an amplitude equal to V w 
results In a digital data signal 40 with highs and lows 
equal to the full normalized values of 0 and 1 . The max- 
imum extinction ratio is thus achieved. 
[0029] FIGURE 3 is an "eye diagram" with axes of 
time and normalized light, that shows the normalized 
light received at the receiver of a digital lightwave tran- 
sition system. The transitions occurring in the output da- 
ta are shown in FIGURE 3 as viewed on an oscilloscope 
and correspond to the 1 's and 0's of a digital signal. FIG- 
URE 3 shows a random sample of the signal as viewed 
on an oscilloscope at the receiver end of a fiber. The 
oscilloscope takes a clock signal that is synchronous 
with the data signal and divides the data into small sec- 
tions that are then sampled. A series of random 1 's and 
0's thus appear and form eye diagram 300. 
[0030] The transitions shown as X's in eye diagram 
300 of FIGURE 3 correspond to the swings in the trans- 
fer function around the bias point. For example, peak 
point 25 of FIGURE 1 corresponds to a normalized light 
value of one on FIGURE 3. Similarly, peak point 30 cor- < 
responds to a normalized light value of zero on eye di- 
agram 300. The transitions marked as X's appear this 
way on an oscilloscope because they are not perfect, 
instantaneous transitions, but rather they span some 
period of time. The up slopes and down slopes forming i 
the X's in eye diagram 300 correspond to the swing from 
peak 30 to peak 25 of FIGU RE 1 , and the swing in value 
from zero to one of data curve 40. Eye diagram 300 thus 



corresponds to the data signal at the receiver end of a 
transmission system implementing the method and sys- 
tem of this invention. 

[0031] The aim of this invention is to have the biggest 
5 spread possible in eye diagram 300 so that the transi- 
tions are clear and defined and thus easily discernable 
by a receiver at the receiver end of the transmission sys- 
tem. For example, if the RF data amplitude is smaller 
than V K , eye diagram 300 of FIGURE 3 will shrink up 
10 because the switch from light to no light will be going 
from not quite minimum to not quite maximum. The 
same will occur if the RF data amplitude is greater than 
V K . Any time the amplitude of the RF data signal is not 
equal to V rt , a smaller distribution occurs in eye diagram 
15 300 of FIGURE 3. Therefore, when the RF data ampli- 
tude is not equal to V^, eye diagram 300 becomes com- 
pressed and the data transitions become harder for a 
receiver to discern, possibly resulting in data corruption 
or loss can occur. 
20 [0032] Controlling the RF amplitude, however, is only 
half the story. The bias voltage also has to be at or near 
the optimum quadrature point. Quadrature is defined as 
the mid-point of the normalized spread of the transfer 
function. Perhaps the best way to visualize the relation- 
's ship between the bias signal and RF amplitude is that 
the bias voltage is supplied to the modulator as a DC 
voltage to set up where on transfer function 1 0 the mod- 
ulator will operate. The RF data signal is supplied with 
no DC and, by itself, would be symmetrical about zero. 
» However, the bias loop supplies the DC portion around 
which the RF data signal will be symmetrical. 
[0033] The bias DC voltage is thus the voltage value 
around which the AC RF data signal will continually 
swing to modulate the laser light input to the modulator 
s and generate as output the digital 1 's and 0's represent- 
ing the RF data signal. If the bias value is off from the 
point of quadrature, then even if the RF amplitude is at 
the optimum value of V^, the normalized output data, 
and hence eye diagram 300 of FIGURE 3, will be dis- 
o torted because the modulator output is not going to min- 
imum or to the maximum. Eye diagram 300 will become 
more narrow, dispersed, and, together with the noise in- 
herent in WDM systems, can result in the output signal 
being difficult to discern by a receiver. A receiver will 

> thus lose sensitivity and data can be corrupted or lost. 
[0034] One reason the method and system of this in- 
vention seeks to control the RF data amplitude is that 
as the transmitted optical data signal travels through nu- 
merous kilometers of fiber to get to a receiver, along the 

> way it will be optically amplified, which adds noise to the 
signal. From a receiver's viewpoint, if eye pattern 300 is 
noisy and hard to discern, the sensitivity of the receiver 
will suffer. Data corruption or loss can then occur, requir- 
ing a decrease in the distance between transmitter and 
receiver to ensure the integrity of the data signal. 
[0035] FIGURE 4 is a graph of a transfer function 1 0 
having a V n equal to four, used to illustrate how the bias 
of an MZM modulator can be dithered to control the RF 
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amplitude. The Y axis of graph 401 indicates the inten- 
sity of the light output from the modulator and the X axis 
indicates units of voltage. Assuming In FIGURE 4 that 
the bias voltage is set at quadrature, the RF amplitude 
signal will swing symmetrically about the quadrature 5 
point. If the RF amplitude is set too low, as indicated by 
sets of RF low points 400, 410 and 420, the change in 
the intensity of the modulator output as the bias is dith- 
ered is positive. For example, suppose the bias starts 
at point A and is dithered up to point B (i.e., the dither 10 
voltage goes more positive by a slight amount corre- 
sponding to the change from A to B), the RF amplitude 
will shift along with the bias voltage from initial points 
400 to points 410. Similarly, if the bias were to be dith- 
ered low, as indicated by going from point A to point C, is 
the RF amplitude would follow the bias and go from 
points 400 to points 420. The RF amplitude thus shifts 
along with the dither bias. 

[0036] As can be seen in FIGURE 4, when the bias is 
dithered high (point B), the 1 (high) output at point 410 20 
is slightly higher than the 1 output at point 420, corre- 
sponding to when the bias is dithered low to point C. The 
same relationship is true for the zero (low) outputs. 
Overall, there is a positive increase in the intensity of 
the modulator output. In other words, the output from 25 
photodiode 818 of FIGURE 8 is in phase with the dither 
signal. Note that this has nothing to do with the RFdata 
signal itself, because the RF data is input to the modu- 
lator at too fast a rate and gets converted to an average 
amount of light. 30 
[0037] If, on the other hand, the RF amplitude level is 
greater than V^, as indicated by sets of RF high points 
430, 440 and 450, then the change in the intensity of the 
modulator output is negative as the bias is dithered. As 
shown in FIGURE 4, if the bias is dithered high from 35 
point A to point B, both the 0 and the 1 outputs at points 
450 are lower than the 0 and 1 outputs at points 430, 
corresponding to when the bias is dithered low, from 
point A to point C. Therefore, both the 1 and 0 data are 
lower when the bias is dithered high than when the bias *o 
is dithered low, resulting in an inverted signal. The pho- 
todiode 818 output and the bias dither signal are thus 
out of phase. This is the opposite result from when the 
RF amplitude level is set too low. 

[0038] Lastly, if the RF amplitude level is equal to V K , 45 
as shown by sets of points 460, 470 and 480, then if 
the bias is dithered from point A to point B, or from point 
A to point C, the modulator output intensity is roughly 
equal, regardless of the dither signal value. With the RF 
amplitude at V K , therefore, the change in output intensity so 
from MZ modulator 81 4 is zero, or near zero, as the bias 
is dithered. The change in the modulator output intensity 
can therefore be either positive, negative or zero, and, 
depending on its value, the RF amplitude control circuit 
of FIGURES 8 and 1 0 can correct the RF amplitude val- 55 
ue in an attempt to make it equal to V ff . 
[0039] FIGURES 5A, 5B and 5C illustrate the three 
conditions discussed above of having the RF amplitude 



lower than, greater than, or equal to while the bias 
signal is dithered around the quadrature point. FIGURE 
5A shows dither signal 500 and photodiode output sig- 
nal 51 0 in phase with one another, as discussed above, 
for the case of the RF amplitude lower than V^. FIGURE 
5B shows dither signal 500 and photodiode output sig- 
nal 51 0 out of phase, corresponding to the RF amplitude 
level being greater than V„. Lastly, FIGURE 5C shows 
dither signal 500 with a corresponding photodiode out- 
put signal 510 that is fiat, for RF amplitude at V^, indi- 
cating a zero change in the output intensity of the light 
from the modulator, such as modulator 814 of FIGURE 
8. The way in which photodiode output 510 is used by 
the circuits of FIGURES 8 and 10 to control the RF am- 
plitude will be discussed below in reference to those 
FIGURES. 

[0040] FIGURE 6 is a graph of transfer function 1 0 of 
FIGURE 1 used to illustrate how the RF amplitude can 
be dithered to control the bias of, for example, modulator 
814. The explanation for FIGURE 6 is similar to that of 
FIGURE 4, however as the RF amplitude is dithered 
from high to low, the bias point does not follow the 
change in RF amplitude, as the RF amplitude followed 
the change in bias in FIGURE 4. What is made clear by 
dithering of the RF amplitude to control the bias point, 
however, is the importance of first-order effects versus 
second-order effects. This is because the changes in 
the output intensity of modulator 814 as the RF ampli- 
tude is dithered will depend more on the slope of the 
transfer function from point-to-point than on shifts along 
the transfer function in the same direction, as was the 
case in FIGURE 4. 

[0041] For example, if the bias is set too low, as shown 
by point A in FIGURE 6, then as the RF amplitude is 
dithered high from points 600 to points 61 0 (i.e., the RF 
amplitude width is increasing), the relative change in in- 
tensity at the upper end of the RF amplitude from that 
at the lower end of the RF amplitude is greater, resulting 
in a net positive change in the output intensity of mod- 
ulator 814. In FIGURE 6, the location of the superim- 
posed RF signal has been chosen with one end corre- 
sponding to the valley of transfer function 10 to more 
clearly illustrate the changes in slope, but the same 
analysis holds true regardless of the location of the RF 
signal along transfer function 10. 
[0042] Similarly, if the bias is set too high, as shown 
by point B, the change in the output intensity of the signal 
from modulator 814 will be negative. In other words, as 
the RF amplitude is dithered high, the output change will 
go low; as the RF amplitude is dithered low, the output 
change will go high. For example, as the RF amplitude 
is dithered high from point 630 to point 640, the net 
change in intensity along the lower end of the RF am- 
plitude is greater than that at the higher end (located at 
peak 690 of transfer function 10), resulting in a net de- 
crease in the intensity of the output from modulator 81 4. 
[0043] Lastly, if the bias is set at quadrature (the pre- 
ferred value), as indicated by point C, then as the RF 
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amplitude is dithered high (from points 660 to points 
670) or low (from points 660 to points 680), the net 
change on the high side of the RF amplitude signal will 
equal the net change on the low side, resulting in a zero 
net change in the intensity of the output from modulator 
814. The location of the RF amplitude signal along trans- 
fer function 1 0 for all three cases discussed above was 
chosen to best illustrate the changes involved. However 
the principles remain the same regardless of the place- 
ment of the RF amplitude signal along transfer function 
10. 

[0044] Dithering of the RF amplitude comprises su- 
perimposing the dither signal (e.g., 500 Hz signal) on 
the gain of an amplifier providing the RF data signal. The 
RF amplitude, in fact, will be centered at the bias point 
and will typically be of a larger value than that shown in 
FIGURE 6. The RF amplitudes in FIGURE 6 were cho- 
sen small for illustrative purposes. 
[0045] FIGURES 7A, 7B and 70 are similar to FIG- 
URES 5A, 5B and 5C and illustrate the relationship of 
the RF amplitude dither signal to the photodiode 818 
output signal when the bias value is greater than quad- 
rature, less than quadrature and at quadrature. As is the 
case when the RF amplitude is greater than V^, when 
the bias is greater than quadrature, the photodiode 818 
output 71 0 is out of phase with the RF dither signal 700, 
as shown in FIGURE 7A. FIGURE 7B shows that when 
the bias is less than quadrature, then as RF dither signal 
700 changes, photodiode 818 output signal 710 chang- 
es in phase. Lastly, in FIGURE 7C, when the bias is at 
quadrature, changes in the RF amplitude caused by RF 
dither signal 700 result in no net change in the output of 
photodiode 818. Photodiode output signal 710 is thus a 
flat line (zero). 

[0046] As in the case of the bias dither being used to 
control the RF amplitude, the RF amplitude dither can 
be used to control the bias, as explained below in con- 
junction with FIGURES 8 and 10. An advantage of this 
invention is that first-order effects are used to control the 
bias and RF amplitude, and not second-order effects. 
This is important because it can result in a higher signal 
level, and thus the signal-to-noise ratio on the dither (the 
recovered signal input into photodiode 818 of FIGURE 
8) is higher, yielding a more robust and faster loop. The 
advantage of this is that a system implementing this in- 
vention does not require as much amplification. Another 
way to look at it is that not as much dither is required in 
the first place. If a feedback circuit instead used second- 
order effects, more dither would have to be added just 
to get the recovered photodiode signal level up out of 
the noise, and the higher dither itself would add noise 
to the output signal as a consequence. The eye pattern 
of FIGURE 3 would thus close up slightly when using 
more dither. 

[0047] The method and system of this invention can 
be used in lightwave transmission systems based on, 
for example, the SONET or pseudo-random bit se- 
quence ("PRBS") formats, and with systems that em- 



ploy forward error correction schemes. In particular, 
OC48 and OC1 92 SONET format systems can be used. 
FIGURE 8 is a block diagram of one embodiment of the 
circuit for first-order RF amplitude and bias control of a 
5 modulator of the present invention. Circuit 800 includes 
laser 812 that provides the light to modulator 814 that 
will be modulated to generate digital optical data. Laser 
812 can be any laser, as known to those in the art, for 
use in a lightwave transmission system. Modulator 814 
10 includes RF input port 820 and bias input port 822. The 
laser light from laser 812 is modulated within modulator 
81 4 based on the inputs into RF input port 820 and bias 
input port 822. Modulator 814 provides the modulated 
signal to splitter 81 6, which splits modulated signal 81 5 
« into transmitter optical output signal 890 and output dith- 
er signal 891 . Output dither signal 891 is forwarded to 
photodiode 818. Photodiode 81 8 provides feedback sig- 
nal 819 that will be used to control bias feedback loop 
870 and RF feedback loop 880 to maintain RF amplitude 
20 and bias at or near optimum. Modulator 81 4 can be any 
modulator that has a transfer function centered around 
the half life of the modulated V,. 
[0048] For example, modulator 814 can be a Mach- 
Zehnder modulator or similar modulator. 
25 [0049] The signal from photodiode 81 8 is fed to both 
RF feedback loop 880 and bias feedback loop 870. RF 
feedback loop 880 includes amplifier 824, which ampli- 
fies the signal from photodiode 81 8 at the frequency for 
the loop. In the embodiment shown in FIGURE 8, the 
30 bias dither frequency is 250 Hz, so amplifier 824 ampli- 
fies the signal at 250 Hz and filters out any external 
noise. From amplifier 824, the signal is fed to filter 828 , 
which filters the signal at 250 Hz to remove any residual 
data signal and noise and provides a 250 Hz feedback 
35 dither signal to amplifier 832. Amplifier 832 further am- 
plifies the filtered signal and forwards the signal to syn- 
chronous detector 836. Amplifiers 824 and 832 provide 
the amplification necessary to get the photodiode 818 
output signal level high enough for the synchronous de- 
40 tector 836. This is because synchronous detector 836 
inserts some offsets into the signal and the amplification 
gets the signal level high enough to make the offsets 
insignificant. Amplifiers 824 and 832 also set the loop 
gain for the entire RF feedback loop 880. The level of 
^5 gain for the loop can determine the speed of the loop. 
Amplifiers 824 and 832 can be off-the-shelf operational 
amplifier circuits. Filter 828 can be a switched capacitor 
filter, available off-the-shelf, such as those manufac- 
tured by National Semiconductor. Synchronous detec- 
tor 836 comprises an operational amplifier and an ana- 
log switch. 

[0050] The operational amplifier that is part of syn- 
chronous detector 836 has a gain that flips between +1 
and -1 . In otherwords, the operational amplifier flips be- 
tween being a non-inverting amplifier and an inverting 
amplifier in synchronization with the bias or RF dither 
signal. Thus, when the dither signal is low, the gain of 
synchronous detector 836 is -1 . When the dither signal 
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is high, synchronous detector 836 has a gain of +1 . 
[0051] FIGURE 9 is a graphical representation of the 
gain characteristics of synchronous detector 836. The 
example shown in FIGURE 9 corresponds to the situa- 
tion where the bias signal is dithered to control the RF 
amplitude with the RF amplitude less than V rc . In this 
case (see FIGURE 5 A), dither signal 500 and the pho- 
todiode output signal 510 are in phase, as previously 
discussed. Therefore, as shown in FIGURE 9, when the 
photodiode 818 output 510 is less than zero volts, the 
gain of synchronous detector 836 is -1 , which inverts the 
photodiode output signal to a positive value and for- 
wards it as an output from synchronous detector 836. 
Similarly, when the photodiode output 510 is greater 
than zero volts, the gain of synchronous detector 836 is 
+1 (in synch with the dither signal), resulting again in a 
positive output signal 910 from synchronous detector 
836. 

[0052] Synchronous detector 836 thus acts as a rec- 
tifier and changes the AC photodiode output signal 510 
(feedback dither signal) into a DC synchronous detector 
output signal 910. In the case where photodiode output 
signal 51 0 is in phase with dither signal 500, the output 
signal 910 from synchronous detector 836 will be a pos- 
itive value, as shown in FIGURE 9. In the case where 
photodiode output 510 (or 710 of FIGURE 7) is out of 
phase with dither signal 500 (700), the output signal 910 
from synchronous detector 836 will be a negative signal. 
Lastly, in the case where photodiode output signal 510 
is a flat (zero) output (indicating no change in the output 
intensity from modulator 814), the output of synchro- 
nous detector 836 is zero or flat (to match the photodi- 
ode output 51 0). The photodiode output 51 0 is actually 
zero (for the bias) when the bias is at quadrature or (for 
the RF amplitude) when the RF amplitude is at V^. Syn- 
chronous detector output 910 can be slightly positive or 
slightly negative, not necessarily -1 or +1 , because the 
photodiode output is itself typically only slightly positive 
or slightly negative, not necessarily +1 or-1.The+1 and 
-1 values are normalized values. 
[0053] The positive and negative portions of photodi- 
ode output 51 0 of FIGURE 9 are converted by synchro- 
nous detector 836 to outputs of the same magnitude be- 
cause photodiode output signal 510 is an AC signal that 
is symmetric around zero. Synchronous detector 836 
will continually adjust its gain to match the dither signal 
into modulator 814, providing either a slightly positive or 
a slightly negative DC voltage output 910 to RF error 
amplifier 840. DC voltage output 910 from synchronous 
detector 836 to RF error amplifier 840 can be used to 
control RF amplifier 847. Note that when photodiode 
/ output signal 51 0 is zero (flat), the output from synchro- 

nous detector 836 will also provide a zero output. 
[0054] In this regard, for illustration purposes only, 
consider a situation where the output from synchronous 
detector 836 might be zero. The function of RF feedback 
loop 880 is to make the output from photodiode 81 8 zero 
(keeping the RF amplitude at or near VJ, at which point 



the output from synchronous detector 836 is also zero. 
However, in practice, instead of the voltage from syn- 
chronous detector 836 being zero, a slight positive offset 
is provided as pedestal voltage 895. This is because the 
voltage output from synchronous detector 836 would be 
zero if the data transitions were exact, but they are not. 
Because the transitions are not exact, the synchronous 
detector needs to see a slight offset at the nominal (zero) 
point. In the case of bias loop 870, the pedestal voltage 
895 is not required because the transitions do not affect 
the bias loop in any way. 

[0055] Pedestal voltage 895 is fed into RF error am- 
plifier 840. Pedestal voltage 895 is on the order of about 
30-50 millivolts for a photodiode DC voltage normalized 
to one volt. Pedestal voltage 895 is variable, can be ad- 
justed by a technician, and it is used to adjust the RF 
amplitude level. A technician can either use an oscillo- 
scope and adjust for the best eye pattern (FIGURE 3) 
or adjust for the best bit-error rate. Pedestal voltage 895 
is a set-and-forget variable. Pedestal voltage 895 is re- 
quired in the RF loop, but in the bias feedback loop 870 
it can be an optional feature. By feeding an optional ped- 
estal voltage into bias error amp 842, the bias level can 
be adjusted to be offset by some preset value. This 
could, for example, help in making the eye pattern of 
FIGURE 3 sharper, 

[0056] The output signal from synchronous detector 
836 is input to RF error amp 840, which also comprises 
a low frequency filter to filter out the high frequency re- 
sidual on the signal provided by synchronous detector 
836. The output signal from synchronous detector 836 
is a DC signal. RF error amplifier 840 amplifies and fil- 
ters this DC signal. The output signal from RF error am- 
plifier 840 is the gain control input to RF amplifier 847. 
[0057] Thus, if, for example, in the situation where the 
RF amplitude is too high, the change in the intensity of 
the light output from modulator 814 will be negative, re- 
sulting in the dither signal and the photodiode 81 8 output 
signal being out of phase. As explained above, the out- 
put from synchronous detector 836 will then be slightly 
negative. This slightly negative DC signal is input to RF 
error amplifier 840, which amplifies it and forwards the 
amplified DC signal to RF input amplifier 847 as a gain 
control signal. The slightly negative gain control signal 
into RF amplifier 847 results in a decrease in the ampli- 
tude of the RF data signal (voltage) sent to the RF input 
port 820 of modulator 81 4. The RF amplitude is adjusted 
this way incrementally until it is returned to (or near) the 
optimal value of V rt . This feedback loop repeats in a con- 
tinuous fashion to constantly control and maintain the 
RF amplitude near or at V^. 

[0058] RF data input 805 is the data signal that will be 
transmitted in the form of optical light from modulator 
814 (i.e., it modulates the light input from laser 8 1 2). The 
RF amplitude dither is provided by RF dither circuit 848 
at, for example, 500 Hz. Dither circuit 848 provides a 
dither signal to the gain input to RF input amplifier 847 
and also to synchronous detector 838 within bias feed- 
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back loop 870, as will be explained below. The bias dith- 
er signal is provided by bias dither circuit 860, which, 
like RF dither circuit 848, provides a dither signal to the 
Input to bias port 822 of modulator 81 4 and to synchro- 
nous detector 836 in the RF feedback loop 880. The bias 5 
dither signal and RF dither signal are fed into the RF 
feedback loop synchronous detector 836 and the bias 
feedback loop synchronous detector 838, respectively, 
to synchronize the gain of synchronous detectors 836 
and 838 to the respective dither signal. 10 
[0059] Bias loop 870 is very similar to RF feedback 
loop 880 and consists of amplifier 826, filter 830, ampli- 
fier 834, bias synchronous detector 838, and bias error 
amplifier 842. Each of the components within bias loop' 
870 provides the same functions as the corresponding 15 
components in RF feedback loop 880, with the excep- 
tion that filter 830 can be a different frequency filter and 
bias error amplifier 832 need not have a pedestal volt- 
age input. Otherwise, the two loops work in essentially 
the same manner and their description is likewise es- 20 
sentially the same. 

[0060] It is important to note that the dither signals 
provided by RF amplitude dither circuit 848 and bias 
dither circuit 860 may be such that one is one-half the 
frequency of the other. In the embodiment of FIGURE 25 
8, the RF amplitude dither is set at 500 Hz and the bias 
dither is set at 250 Hz. This is because dither signals 
are typically square waves (i.e., 50% duty cycle square 
waves) that only provide discernible signal at the funda- 
mental frequency and the odd harmonics of the funda- 30 
mental frequency. Therefore, for a 250 Hz dither square 
wave, the frequency components available are 250 Hz, 
750 Hz, 1250 Hz, etc. For a 500 Hz dither signal, the 
frequency components available are 500 Hz, 1500 Hz, 
3000 Hz, and so on. In the embodiment of FIGURE 8, 35 
there are thus no frequency components that overlap 
between the RF amplitude dither and the bias dither. 
This is important because the output provided from pho- 
todiode 8 1 8 inclu des f req uency co mponents for both R F 
and bias dither signals that must be filtered out within 40 
their respective loops. If the frequency components for 
each of the dither signals (such as error harmonics) 
overlap, it is very difficult to distinguish between them. 
It is therefore important that dither signals are chosen 
so that they and their harmonics do not overlap. 45 
[0061] FIGURE 1 0 shows another embodiment of the 
method and system for first-order RF amplitude and bias 
control of a modulator of the present invention. Circuit 
1000 of FIGURE 10 is the same as circuit 800 of FIG- 
URE 8, with the exception that circuit 1 000 includes syn- so 
chronized selectors 1020 and 1030 and does not in- 
clude bias dither circuit 860. Instead, circuit 1 000 of FIG- 
URE 10 has a single dither circuit, dither circuit 948, 
which can be at any selected frequency, such as the 500 
Hz frequency shown in FIGURE 10. Dither circuit 948 ss 
can, using synchronized selectors 1020 and 1030, pro- 
vide a dither signal to either the bias orthe RF amplitude. 
[0062] Therefore, the problems of overlapping dither 



frequencies of the first embodiment of this invention, as 
shown in FIGURE 8, do not exist in the embodiment of 
FIGURE 10. 

[0063] Synchronized selector switches 1020 and 
1030 are synchronized such that when one selector 
switch is open, the other Is closed, and vice versa. In 
this way, the dither signal from dither circuit 948 can be 
selectively provided to either the gain control signal to 
RF amplifier 847 or to the bias control signal provided 
to bias input 822 of modulator 814. One disadvantage 
of the embodiment of this invention shown in FIGURE 
10 is that when switching between synchronized selec- 
tor switches 1020 and 1030, the switching is normally 
done at about a 10 Hz to 30 Hz rate, which generates 
low frequency components in the control loop signals 
which must then be filtered out. These 10 Hz to 30 Hz 
signals are much more difficult to filter out than, for ex- 
ample, the 500 Hz dither signal, and can lead to in- 
creased noise in the bias and RF control signals. The 
eye pattern of FIGURE 3 is thus made noisier. Note also 
that in the embodiment shown in FIGURE 10, filters 828 
and 830 are both of the same frequency, in this case 
500 Hz. 

[0064] The rate at which the circuit 1 000 of FIGURE 
10 switches between synchronized selectors 1020 and 
1030 can be pre-set at some arbitrary value. Typically, 
bias loop 870 is configured to be approximately five 
times faster than the RF feedback loop 880 (typically 
about 1 Hz on the bias loop). The bias loop might be, 
for example, at 1 Hz, and the RF loop set at .2 Hz. For 
various reasons, the bias loop needs to be faster than 
the RF loop. The end result is that since typically the 
bias loop is about five times faster than the RF loop, the 
switching between synchronized selectors is typically 
set as a 25%/75% split. Therefore, 25% of the time the 
dither signal is input to the RF gain, and 75% of the time 
the dither signal is input to the bias signal. This feedback 
cycle ratio of 3:1 typically results in more of a signal fed 
through the bias loop, making the bias feedback loop 
inherently faster than the RF feedback loop, even 
though both loops typically have the same component 
values, amplification and filters. 
[0065] Although the present invention has been de- 
scribed in detail herein with reference to the illustrative 
embodiments, it should be understood that the descrip- 
tion is by way of example only and is not to be construed 
in a limiting sense. It is to be further understood, there- 
fore, that numerous changes in the details of the em- 
bodiments of this invention and additional embodiments 
of this invention will be apparent to, and may be made 
by, persons of ordinary skill in the art having reference 
to this description. It is contemplated that all such chang- 
es and additional embodiments are within the spirit and 
true scope of this invention as claimed below. 
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Claims 

1 . A method for robustly controlling the bias point and 
radio frequency (RF) amplitude level of a modulator 
for an optical transmitter, comprising: 

extracting an output dither signal component of 
a digital optical output signal from said optical 
transmitter to drive a feedback loop; 
measuring said output dither signal component 
In said feedback loop for comparison to an input 
dither signal to said modulator; 
comparing said output dither signal to said input 
dither signal to determine their difference; and 

based on said difference, maintaining said bias 
point and said RF amplitude level at an optimum 
value by varying an input voltage to said modulator 
via the feedback loop. 



2. 



3. 



5. 



6. 



9. 



10. 
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The method of Claim 1 , wherein said optical trans- 
mitter comprises: 

a laser for providing an input light; 
said modulator to modulate said input light and 
generate said digital optical output signal; 
a radio frequency (RF) feedback loop to control 
an RF input voltage to said modulator; 
a bias feedback loop to control a bias input volt- 
age to said modulator; 

an RF amplitude dither circuit to provide an RF 
input dithersignal to said RF voltage input; and 
a bias dither circuit to provide a bias input dither 
signal to said bias voltage input. 

The method of Claim 2, wherein said bias voltage 
input can be controlled by said RF dither and where- 
in said RF voltage input can be controlled by said 
bias dither. 

The method of Claim 2, wherein said bias feedback 
loop and said RF feedback loop automatically com- 
pensate for changes overtime In said optical trans- 
mitter caused by temperature or vibration. 

The method of Claim 2, wherein said bias dither and 
said RF dither are in a relationship where one is half 
the frequency of the other. 

The method of Claim 2, wherein said bias dither is 
at 250 hertz and said RF dither is at 500 hertz. 



7. The method of Claim 2, wherein there are no fre- 
quency components of said RF dither and said bias 
dither that overlap. 

8. The method of Claim 2, further comprising inputting 
a pedestal voltage into said RF feedback loop to fur- 



20 



25 



ther adjust said RF voltage input. 

The method of Claim 2, wherein said laser is oper- 
ated at a constant input current. 

The method of Claim 1 , wherein said feedback loop 
is an RF amplitude feedback loop, said output dither 
signal is an RF output dither signal, said input dither 
signal is an RF input dither signal, and said input 
voltage is an RF amplitude input voltage. 

11. The method of Claim 1 0, wherein said RF amplitude 
input voltage can be controlled by a bias dither. 

12. The method of Claim 1 , wherein said feedback loop 
is a bias feedback loop, said output dither signal is 
a bias output dither signal, said input dither signal 
is a bias input dither signal, and said input voltage 
is a bias input voltage. 



13. 



The method of Claim 12, wherein said bias input 
voltage can be controlled by an RF input dither sig- 
nal. 



14. The method of Claim 1 , wherein said modulator is 
a Mach-Zehnder modulator. 



15. The method of Claim 1 , wherein said optical trans- 
mitter is used to transmit optical data along a digital 

30 lightwave communications system. 

16. The method of Claim 1 , wherein said feedback loop 
automatically compensates for changes over time 
in said RF amplitude or bias point caused by tem- 

35 perature or vibration. 

\ 

17. The method of Claim 1 , further comprising inputting 
a pedestal voltage into said feedback loop to further 
adjust said input voltage. 



40 



45 



18. 



19. 



The method of Claim 1 , wherein said measuring 
step further comprises measuring first-order linear 
effects of said output dither component to vary said 
input voltage. 

The method of Claim 1 , wherein said feedback loop 
is a RF amplitude feedback loop. 



50 



55 



20. The method of Claim 1 , wherein said feedback loop 
is a bias feedback loop. 

21 . The method of Claim 1 , wherein said optical trans- 
mitter is a SONET format optical transmitter within 
a SONET optical transmission system. 



22. 



The method of Claim 21 , wherein said SONET op- 
tical transmission system is an OC48 or OC192 
SONET system. 
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23. The method of Claim 1 , wherein said optical trans- 
mitter is a pseudo-random bit sequence ("PRBS") 
formats optical transmitter. 

24. The method of Claim 1 , wherein said optical trans- 
mitter Is an optical transmitter employing a forward 
error correction scheme. 

25. The method of Claim 1 , wherein said preferred val- 
ue for said bias point is at quadrature, and wherein 
said preferred value for said RF amplitude level is 

26. A system for robustly controlling the bias point and 
RF amplitude level of a modulator for an optical 
transmitter, comprising: 

a laser for providing an input light; 
a modulator to modulate said input light and 
generate said digital optical output signal; 
a splitter to split said digital optical output signal 
into a transmitter output signal and an output 
dither signal component; 
a photodiode to provide a feedback signal; 
a radio frequency (RF) feedback loop to control 
an RF amplitude input voltage to said modula- 
tor; 

a bias feedback loop to control a bias input volt- 
age to said modulator; 

an RF amplitude dither circuit to provide an RF 
input dither signal to said RF amplitude input 
voltage; 

a bias dither circuit to provide a bias input dither 
signal to said bias input voltage; and 
an RF input amplifier to receive and amplify an 
RF data input signal. 

27. The system of Claim 25, wherein said modulator is 
a Mach-Zehnder modulator. 

28. The system of Claim 25, wherein said optical trans- 
mitter is used to transmit optical data along a digital 
lightwave communications system. 

29. The system of Claim 25, wherein said bias input 45 
voltage can be controlled by said RF input dither 
signal, and wherein said RF amplitude input voltage 
can be controlled by said bias input dither signal. 

30. The system of Claim 25, wherein said bias feedback so 
loop and said RF feedback loop automatically com- 
pensate for changes over time in said RF amplitude 
input voltage and in said bias input voltage caused 

by temperature or vibration . 
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other. 

32. The system of Claim 25, wherein said bias input 
dither signal is at 250 hertz and wherein said RF 
^ input dither circuit is at 500 hertz. 



33. The system of Claim 25, wherein there are no fre- 
quency components of said RF input dither signal 
and said bias input dither signal that overlap. 

34. The system of Claim 25, wherein said RF feedback 
loop further comprises: 

a first RF amplifier to amplify said photodiode 
feedback signal; 

a filter to filter out residual digital output signal 
data and provide an RF output dither signal; 
a second RF amplifier to amplify said RF output 
dither signal; 

a synchronous detector to rectify said RF out- 
put dither signal into a DC output signal; and 
an RF error amplifier to amplify and filter said 
synchronous detector DC output signal to pro- 
vide a gain control signal to said RF input am- 
plifier. 



35. The system of Claim 33, wherein said RF feedback 
loop further comprises a pedestal voltage input into 
said RF error amplifier to further adjust said RF am- 

30 plitude input voltage. 

36. The system of Claim 33, wherein said synchronous 
detector further comprises an operational amplifier 
and an analog switch. 



35 



40 



31. The system of Claim 25, wherein said bias input 
dither signal and said RF input dither signal are in 
a relationship where one is half the frequency of the 



55 



37. The system of Claim 35, wherein said operational 
amplifier is either an inverting or a non-inverting am- 
plifier in synchronization with said bias input dither 
signal. 

38. The system of Claim 25, wherein said bias feedback 
loop further comprises: 

a first bias amplifier to amplify said photodiode 
feedback signal; 

a filter to filter out residual digital output signal 
data and provide a bias output dither signal; 
a second bias amplifier to amplify said bias out- 
put dither signal; 

a synchronous detector to rectify said bias out- 
put dither signal into a DC output signal; and 
a bias error amplifier to amplify and filter said 
synchronous detector DC output signal to pro- 
vide a bias input voltage to said modulator. 

39. The system of Claim 37, wherein said synchronous 
detector further comprises an operational amplifier 
and an analog switch. 
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40. The system of Claim 38, wherein said operational 
amplifier is either an inverting or a non-inverting am- 
plifier in synchronization with said RF input dither 
signal. 

41. The system of Claim 25, wherein said laser is op- 
erated at a constant input current. 

42. The system of Claim 25, wherein said optical trans- 
mitter is a SONET format optical transmitter within 
a SONET optical transmission system. 



10 



43. The system of Claim 41 , wherein said SONET op- 
tical transmission system is an OC48 or OC192 
SONET system. 15 

44. The method of Claim 25, wherein said optical trans- 
mitter is a pseudo-random bit sequence ("PRBS") 
formats optical transmitter. 



45. The method of Claim 25, wherein said optical trans- 
mitter is an optical transmitter employing a forward 
error correction scheme. 

46. A system for robustly controlling the bias point and 
RF amplitude level of a modulator for an optical 
transmitter, comprising 

a iaser for providing an input light; 
a modulator to modulate said input light and 
generate said digital optical output signal; 
a splitter to split said digital optical output signal 
into a transmitter output signal and an output 
dither signal component; 
a photodiode to provide a feedback signal; 
a radio frequency (RF) feedback loop to control 
an RF amplitude input voltage to said modula- 
tor; 

a bias feedback loop to control a bias input volt- 
age to said modulator; 

a dither circuit to provide an input dither signal 
to either said RF amplitude input voltage orsaid 
bias input voltage; 

synchronized selectors to select either said RF 
amplitude input voltage or said bias input volt- 
age to receive said input dither signal; and 
an RF input amplifier to receive and amplify an 
RF amplitude input signal. 

47. The system of Claim 45, wherein said modulator is 
a Mach-Zehnder modulator 

48. The system of Claim 45, wherein said RF feedback 
loop further comprises: 

a first RF amplifier to amplify said photodiode 
feedback signal; 

a filter to filter out residual digital output signal 



data and provide an RF output dither signal; 
a second RF amplifier to amplify said RF output 
dither signal; 

a synchronous detector to rectify said RF out- 
put dither signal into a DC output signal; and 
an RF error amplifier to amplify and filter said 
synchronous detector DC output signal to pro- 
vide a gain control signal to said RF input am- 
plifier. 

49. The system of Claim 47, wherein said RF feedback 
loop further comprises a pedestal voltage input into 
said RF error amplifier to further adjust said RF in- 
put voltage. 

50. The system of Claim 47, wherein said synchronous 
detector further comprises an operational amplifier 
and an analog switch. 

51. The system of Claim 49, wherein said operational 
amplifier is either an inverting or a non-inverting am- 
plifier in synchronization with said input dither sig- 
nal. 



25 52. The system of Claim 45, wherein said bias feedback 
loop further comprises: 



a first bias amplifier to amplify said photodiode 
feedback signal; 

a filter to filter out residual digital output signal 
data and provide a bias output dither signal; 
a second bias amplifier to amplify said bias out- 
put dither signal; 

a synchronous detector to rectify said bias out- 
put dither signal into a DC output signal; and 
a bias error amplifier to amplify and filter said 
synchronous detector DC output signal to pro- 
vide a bias signal to said modulator. 



20 



30 



35 



40 53. The system of Claim 51 , wherein said synchronous 
detector further comprises an operational amplifier 
and an analog switch. 

54. The system of Claim 52, wherein said operational 
45 amplifier is either an inverting or a non-inverting am- 
plifier in synchronization with said input dither sig- 
nal. 

55. The system of Claim 45, wherein said laser is op- 
50 erated at a constant input current. 

56. The system of Claim 45, wherein said optical trans- 
mitter is a SONET format optical transmitter within 
a SONET optical transmission system 

55 

57. The system of Claim 55, wherein said SONET op- 
tical transmission system is an OC48 or OC192 
SONET system. 
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58. The method of Claim 45, wherein said optical trans- 
mitter is a pseudo-random bit sequence ("PRBS") 
formats optical transmitter. 

59. The method of Ciaim 45, wherein said optical trans- 5 
mitter is an optical transmitter employing a forward 
error correction scheme. 
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